Studies on contact-inhibited mouse embryo fibroblast 3T3 cells and 3T3 cells transformed by oncogenic RNA and DNA viruses and by a chemical carcinogen have demonstrated differences in plasma membrane architecture. Spin-label and freeze-fracture ultrastructural studies have shown that contact-inhibited cells have ordered membrane lipids and aggregated intramembranous particles, whereas transformed cells have fluid membrane lipids and randomly distributed intramembranous particles. These findings suggest a model for how changes in the cell membrane may account for some of the characteristic differences observed between contact-inhibited and transformed cells.
Differences in the physical and biochemical characteristics of the plasma membrane of normal and transformed cells have been demonstrated. Transformed cells show greater agglutinability-with concanavalin A (1, 2), increased rates of transport (3, 4) , and loss of contact inhibition (5) . Freeze fracture studies have also shown that intramembranous particles, which are thought to represent intrinsic membrane proteins (6) , are aggregated in contact-inhibited cells and dispersed throughout the membrane in transformed cells. These observations were interpreted to suggest that differences in membrane structure may be associated with differences in membrane protein-lipid interactions and in membrane fluidity (7) (8) (9) . It is plausible that many of the plasma membrane alterations observed in transformed cells are due to such changes in the fluidity and organization of membrane lipids and proteins. For example, the Na+,K+-ATPase, which has been identified with the plasma membrane sodium pump, has been shown to be affected by lateral phase separations or phase transitions in the membrane lipids (10) . A similar mechanism may affect the activity of membrane enzymes that control the intracellular levels of cyclic nucleotides (11) (12) (13) . In this paper we report direct experimental evidence for differences in membrane fluidity and structure of normal and transformed cells, and propose a model for the regulation of cell proliferation by modulation in the organization of the cell membrane. were grown in Dulbecco's minimal essential medium in 10% calf serum with penicillin (100 IU/ml) and streptomycin (10 mg/ml). 3T3 cells transformed by SV are designated SV3T3, etc. Cells were incubated at 370 in a humidified atmosphere containing 10% CO2. Cells were routinely passed by treatment with a solution of ethylenediaminetetraacetate (EDTA) (0.05 mM) and trypsin (0.025%). All cell lines used in this study were found to be free of mycoplasma contamination as determined by thin section and freeze-etching electron microscopy (14) .
METHODS AND RESULTS

Contact
Cell samples were prepared for freeze fracture by glycerination with or without prior fixation in 1% glutaraldehydephosphate-buffered saline, pH 7.4 for 5 min at 37°. Freeze fracture was performed in a Balzars BAE 300 freeze-etch microtome at -100°, 10-torr. Platinum-carbon replicas were analyzed in a Philips EM 300 electron microscope, and the percentage of fracture faces containing aggregates was determined as previously described (7) .
The organization of plasma membrane lipids in contactinhibited and transformed 3T3 fibroblasts was probed with the spin label sodium 6-(4',4'-dimethyloxazolidinyl-N-oxyl)-heptadecanoate (I) (10) . A 0.3 mM solution of the label in the standard medium or in the phosphate-buffered saline, pH 7.4, was incubated with the cells for 30 min at 370 (15) . Cells were then washed five times with the buffered saline, pH 7.4, and finally with label-free Dulbecco's minimal essential medium. The cells were gently scraped from the culture flasks and centrifuged at 60 X g to form a loose pellet which was transferred to the capillary portion of a pasteur pipet, which served as the sample cell. The electron paramagnetic resonance (EPR) spectra of the cells were recorded at 330 with a Varian E-3 spectrometer. The labeling procedure had no adverse effects on cell viability, as less than 5% of the cells were trypan blue positive before and after the labeling procedure.
Order parameters, S, were calculated from the EPR spectra (16) . Values of S near 1 correspond to an ordered state of membrane lipids, while values near 0 correspond to a fluid state. With the label used in this study, a AS = 0.03 is equivalent to a change in membrane fluidity produced by a 6-10' temperature change (10) . Representative EPR spectra of transformed cells with an order parameter of 0.54 and of contact-inhibited cells with an order parameter of 0.61 are shown in Fig. la and b .
The data in (10, (17) (18) (19) (20) (21) and (2) the labels must undergo rapid lateral diffusion with a diffusion constant of 10-8-10-7 cm2/sec (22) (23) (24) (25) . Since rapid axial motion and rapid lateral diffusion could not occur if the labels were bound to proteins, these characteristics support the conclusion that the labels are in a phospholipid-bilayer-like environment. It has been shown, for example, that the lateral diffusion of surface antigens throughout the cell membrane in mouse-human heterokaryons requires approximately forty minutes (26) , while spin labels of fatty acids can be calculated to require about one second for complete diffusion in similar size cells.
The studies of Linden et al. suggest that the membrane lipid bilayer is organized in a mosaic of liquid and ordered patches (27) in the physiological temperature range. Since membrane proteins have an ordering effect on the membrane lipids (10, 28) and prefer an ordered environment, membrane proteins must preferentially partition into the more ordered patches of the mosaic.
The greater order of plasma membrane lipids observed in this study in contact-inhibited cells reflects an increase in the fraction of the membrane lipids in an ordered state. This could result from an increase in the number of ordered patches or from an increase in the size of patches in the membrane. Modulation of the size and number of ordered patches in the Nevertheless, the present data make it possible to correlate differences in the membranes of normal and transformed cells, including differences in membrane fluidity, the distribution of intramembranous particles, the relative levels of cellular cyclic nucleotides (11) (12) (13) , and membrane transport (3, 4) . From these observations one can suggest a model for the regulation of certain cell membrane activities. This model predicts that agents which change the fraction of the membrane lipids in the fluid state will of necessity change the distribution of the membrane proteins between the liquid and ordered region of the membrane lipids. If the activities of these proteins are different depending on the physical state of the lipids, then changes in the fluidity of the membrane will alter the activities of these proteins. It should be stressed that a given membrane-active agent need not produce an overall change in the order of the membrane lipids, but could act locally and transiently, affecting only a fraction of the cell membrane.
On the basis of this model we propose that control of cell growth, in general, may be dependent upon modulation in the organization of the cell membrane. In particular, we propose that differences in the growth characteristics of normal and transformed cells could be due to primary changes in membrane fluidity and structure that modulate the activity of membrane enzymes which are critical to regulation of cellular proliferation.
